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(54) Title: READING OF FLUORESCENT ARRAYS 

(57) Abstract: Reading of fluorescent arrays (103) in clinical settings is made possible by a reader (1 10) constracted to employ 
daric field Illumination of the array, and mapping an image of the array onto a solid state sensor array (146) with image dimensions 
(D;) of the same order magnitude as the dimensions (D() of the fluorescent array, preferably with reduction of image. High intensity 
Illumination is employed, non uniformities of which being compensated by normalization employing imensity calibration features 
(164) in the array itself, that are sensed during imaging of the array. Preferably high intensity light emitting diodes (P-^ H'' 40'' 
404), such as used in traffic lights, are employed for excitation of the airay, preferably the excitation being introduced to the'array 
via a solid mtemally reflecting homogenizer (130). Intermediate depth of field collection and imaging optics enable substantial 
collection of light, with NA in the range of 0.30 to 0.60, preferably in the range of 0.4 to 0.55. The resultant relatively large depth of 
field IS in some advantageous cases compensated by absorbing light that tends to travel beyond the spots being imaged and would 
otherwise create noise fluorescence, the absorption produced e.g., by an opaque metal oxide coating (304) that is interposed between 
a substrate (302), preferably an ultra-thin substrate, on which the array lies, and the much thicker glass or other rigid support (306) 
For chmcal purposes the arrays comprise fewer than 1000 spots, as is appropriate for protein, one example being an array of fewer 
than 500 spots. Relatively large spot sizes are employed, i.e. of the order of at least 80 or 100 micron diameter spots or preferably 
larger, 150 or 300 micron spots. Resolution of such spots to at least 50 pixels on the solid state detector array enables suitable binning 
and other manipulations leading to highly accurate results. Novel methods of assays and diagnosis such as cancer diagnosis employ 
the reader m detecting a set of markers related to the disease, for instance ovarian cancer. 
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FIG. 4A 
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FIG. 8 
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PROVIDE A TWO DIMENSIONAL SPOTTED ARRAY OF AMINO OR 
NUCLEIC ACID FEATURES ON A SUBSTRATE, WHERE FEATURES 
THROUGHOUT THE ARRAY CARRY 
PHOTO-RESPONSIVE SENSITIVE MARKERS 
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ILLUMINATE THE ARRAY ALONG AN ILLUMINATION PATH 
AT AN ANGLE BETWEEN ABOUT 20" AND 50" TO THE 
PLANE OF THE SUBSTRATE 
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COLLECT EXCITED FLUORESCENT LIGHT ALONG AN 
IMAGE-ACQUIRING AXIS THAT IS SUBSTANTIALLY 
NORMAL TO THE SUBSTRATE 
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RECORD AN IMAGE OF THE ARRAY ON A CCD SENSOR 
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NORMALIZE THE INTENSITY LEVEL OF PIXELS IN THE 
RECORDED IMAGE USING CALIBRATION MARKERS 
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FIG. 9 



wo 2004/017374 ^ PCTAJS2003/025702 



8/9 



POSITION INFORMATION 



1002 



o o o o o 
o o o o o 



o o 
o o 
o o 



o o 
o o o 
o o o 



1 



1004 



DETECT FLUORESCENCE 
FROM POSITION 
CALIBRATION SPOTS 
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DETECT INTENSITY 
OF EACH BIOLOGY SPOT 
IN DATA SET n USING 
POSITION INFORMATION 



INTENSITY CALIBRATION 
SPOT n 
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DETECT INTENSITY OF 
INTENSITY CALIBRATION 
SPOT n USING POSITION 
INFORMATION 



NORMALIZE INTENSITY DATA 
FOR EACH BIOLOGY SPOT 
IN DATA SET n USING 
INTENSITY OF 
INTENSITY CALIBRATION 
SPOT n 
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REPRESENT IMAGE WITH 
NORMALIZED DATA FOR 
ALL DATA SETS 
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PROVIDE A TWO-DIMENSIONAL ARRAY 
OF DIFFERENT REAGENTS ON A SUBSTRATE 
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EXPOSE THE ARRAY TO FLUOROPHORE-LABELED 
BLOOD OR BODY-CONSTITUENT EXTRACT OF AN 

INDIVIDUAL CONTAINING THE BIOMARKERS IF 
PRESENT IN THE INDIVIDUAL'S BLOOD OR BODY 
CONSTITUENT 
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WHILE THE ARRAY IS STATIONARY, EXCITE 

THE ARRAY BY SIMULTANEOUSLY 
ILLUMINATING THE ENTIRE TWO DIMENSIONAL 

ARRAY BY LIGHT AT FLUOROPHORE 
EXCITATION WAVELENGTH EMPLOYING DARK 
FIELD ILLUMINATION 
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CAPTURE A FLUORESCENCE IMAGE OF THE ENTIRE 
TWO-DIMENSIONAL EXCITED ARRAY ON A SINGLE 
FRAME OF AN IMAGER COMPRISING A SOLID 
STATE ARRAY 
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ANALYZE THE FLUORESCENCE IMAGE FOR THE 
PRESENCE OF THE DISEASE 
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FIG. 11 
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BOX n. OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 

This q)plication contains the following inventions or groups of inventions which are not so linked as to form a single. general 
inventive concept under PCT Rule 13.1. In order for all inventions to be examined* the qipropriate additional examination fees must 
be paid. 

Groi^ 1 , claim(s) 1-31. drawn to an array reader. 

Group 2, claim(s) 39-50, drawn to a fluorescence reader-based diagnostic method. 

The inventions listed as Groups 1-2 do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule 
13.2, they lack the same or corresponding special technicai features for the following reasons: The application contains claims to 
more than one of the combinations of categories of inventions as set forth by 37 CFR 1.475. 

According to 37 CFR 1.475 regarding unity of invention: 

(a) An international and a national stage application shall relate to erne invention only or to a group of inventions so linked as to form a 
single general inventive concept ("requirement of unity of inventictfi"). Where a group of inventions is claimed in an application, the 
requirement of unity of invention shall be fulfilled only when there is a technical relationship among those inventions involving one or 
more of the same or corresponding special technical features. The expression "special technical features" shall mean those technical 
features that define a contribution which each of the claimed inventions, considered as a whole, makes over the prior art. 

(b) An international or a national stage application containing claims to different categories of invention will be considered to have unity 
of invention if the claims are drawn only to one of the following combinations of categories: 

(1) A product and a process specially adapted for the manufacture of said product; or 

(2) A product and a process of use of said product; or 

(3) A product, a process specially adapted for the manufacmre of the said product, and a use of the said product; or 

(4) A process and an apparatus or means specifically designed for carrying cut the said process; or 

(5) A product, a process specially adapted for the manufacture of the said product, and an apparatus or means specifically designed for 
carrying out the said process. 

I fan application contains claims to more or less than one of the combinations of categories of invention set forth in paragraph (b) above, 
unity of invention might not be present. Furthermore, the determination whether a group of inventions is so linked as to form a single 
general inventive concept shall be made without regard to whether the inventions are claimed in separate claims or as altematives within 
a single claim. 

Unity of invention exists only when there is a technical relationship among the claimed inventions involving one or more special 
technical features. The term "special technical features" is defined as meaning those technical features that define a contribution which 
each of the inventions considered as a whole, makes over the prior art. The determination is made based on the contents of the claims as 
interpreted in light of tlie description and drawings. In the instant application. Groups 1*2 have differing special technical features: 

Group 1 has the special technical feature of an array reader. 

Group 2 has the special technical feature reading an array using an array reader. 

Furlhennore. the special technical feature of the apparatus of group I is known in the art as shown by Schwartz [US 6.294,136] for 
image processing and determining the size of individual nucleic acid molecules. Therefore the inventions do not form a general 
inventive concept, as they do not share a common special technical feamre. 
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